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Abstract 

Objectives: Describe the diagnoses and the time to recovery of running-related injuries in novice runners. 
Design: Prospective cohort study on injured runners. 

Method: This paper is a secondary data analysis of a 933-person cohort study (DANO-RUN) aimed at characterizing risk 
factors for injury in novice runners. Among those sustaining running-related injuries, the types of injuries and time to 
recovery is described in the present paper. All injured runners were diagnosed after a thorough clinical examination and 
then followed prospectively during their recovery. If they recovered completely from injury, time to recovery of each injury 
was registered. 

Results: k total of 254 runners were injured. The proportion of runners diagnosed with medial tibial stress syndrome was 
15%, 10% for patellofemoral pain, 9% for medial meniscal injury, 7% for Achilles tendinopathy and 5% for plantar fasciitis. 
Among the 220 runners (87%) recovering from their injury, the median time to recovery was 71 days (minimum =9 days, 
maximum =617 days). 

Conclusions: Medial tibial stress syndrome was the most common injury followed by patellofemoral pain, medial meniscal 
injury and Achilles tendinopathy. Half of the injured runners were unable to run 2x500 meters without pain after 10 weeks. 
Almost 5% of the injured runners received surgical treatment. 
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Introduction 

Running-related injuries are common in novice-, recreational- 
and elite runners. According to a recent systematic review by 
Lopes et al [1], medial tibial stress syndrome, Achilles tendino- 
pathy and plantar fasciitis were the most common diagnoses in 
recreational and elite runners, while Taunton et al [2] found 
patellofemoral pain to be the most frequent diagnose among 2002 
runners attending an examination in the primary care. 

In novice runners, however, limited insight is available in the 
literature into the type of running-related injuries. Buist et al [3] 
reported the lower leg and the knee to be the anatomical sites most 
often affected by running-related injuries in novice runners. An 
observation supported by Taunton et al [4] . Despite this valuable 
information, no data was collected on the types of injuries 
diagnosed by a health professional. Additionally, there is a lack of 
knowledge on the time to recovery from injuries sustained by 
novice runners. No studies have, to our knowledge, investigated 
the time to recovery in novice runners using a prospective setup. 

In a recent prospective cohort study entitled the Danish Novice 
Running project (DANO-RUN) [5], 933 healthy novice runners 
were followed and diagnosed by a health professional in case of 



injury. Injured participants were then followed prospectively 
during their recovery. This dataset enabled us to bridge the gap 
on the types of running-related injuries sustained by novice 
runners and enables us to describe the time to recovery of such 
injuries. 

Methods 

The DANO-RUN study was a 1-year prospective foUow-up 
study aiming at characterizing risk factors for injury in novice 
runners. Present paper describes a sub-analysis of the injured 
novice runners included in the DANO-RUN study. The 
procedure for enrolment, inclusion and exclusion criteria and 
main purpose of the DANO-RUN study has been presented 
elsewhere [5-7]. All participants provided informed written con- 
sent prior to inclusion and the research was conducted in 
accordance with the Helsinki Declaration. The Scientific commit- 
tee. Central Denmark Region evaluated the protocol (M- 
20110114) but waived the request for approval because observa- 
tional studies, according to the Danish law, do not require an 
ethical approval. The Danish Data Protection Agency approved 
the study. 
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A novice runner was defined as a person who had not been 
running on a regular basis for the past year. The cut-ofTto define a 
regular basis was set at 10 km of the total running distance in all 
training sessions during the past year prior to inclusion. If a total of 
10 km was exceeded a person was ineligible for inclusion. For 
instance, a person was included if he/ she had been running a total 
of 3 times 2 kilometers in the past year and excluded if he/she had 
been running 5 times 4 kilometers. A running-related injury was 
defined as any musculoskeletal complaint of the lower extremity or 
back caused by running, which restricted the amount of running 
(distance, duration, pace, or frequency) for at least 1 week. This 
definition of injury was a modified version of the injury definition 
used in the studies on novice runners [3,8,9] . The date of injury 
occurrence was based on the anamnesis where the injured runner 
was asked to recall the date at which the symptoms started. 

Prior to the study, no consensus-based definition of time to 
recovery was found. The authors defined recovery from injury as 
no pain in the alfected anatomical location following two 
consecutive running sessions of at least 500 meters. The time to 
recovery was calculated as time in days from injury occurrence to 
complete recovery. In the case a participant was free of pain in 
activities of daily living but refused to run in order to evaluate on 
their symptoms, the recovery was defined as the day they were free 
of pain. 

All injured participants attended a clinical examination in case 
of injury. At the examination, the participant was examined and 
diagnosed, preferably no later than 1 week after the participant 
had requested an examination. In most examinations (more than 
80%), at least two physiotherapists (of four assisting in the study) 
diagnosed the injured participant based on a consensus agreement. 
A standardized examination procedure was used in each of the 
following anatomical locations: foot/ ankle, lower leg, knee, thigh, 
hip and back. Furthermore, guidelines for diagnostic criteria were 
used to classify the injuries into specific diagnoses/types of injuries. 
These non-validated guidelines were developed by the DANO- 
RUN research group prior to the study (Material SI). At each 
examination, the injured runner was asked if they believed the 
injury was caused by running. If they said "yes" the injury was 
included in the analysis, while the injury was excluded if they said 
"no". If they said "no" the injury was not registered in the 
database and it is, therefore, not possible to present details about 
these types of injuries. 

In case the physiotherapist was unable to diagnose the injured 
runner at the clinical examination or the participant did not 
recover as expected after being diagnosed, an additional exam- 
ination including diagnostic imaging (most often MRI) was 
performed. Such examination was provided in approximately 
25% of all injuries and was always offered if the physiotherapist at 
the first examination diagnosed injuries like medial meniscal 
injury, osteoarthritis or stress fractures. The additional examina- 
tion and diagnostic imaging were performed at the Division of 
Sports Traumatology at Aarhus University Hospital, Denmark. 
Based on the clinical examination(s), the diagnoses were registered 
for all injuries occurring from inclusion in the study and in the 
following 1-year period. In cases where the examiners (Physio- 
therapist and medical doctors) were in doubt and the diagnostic 
imaging was negative, the injury was classified as unknown. 

After the clinical examination, all injured participants were 
followed prospectively and contacted by phone or mail once every 
2 to 3 weeks to follow-up on injury status. In case the participants 
recovered from injury, questions regarding the use of medication 
(yes/no), treatment assistance from health professional (yes/no), 
surgical treatment (yes/no) and missed days from work (number) 
were asked. In addition, participants had to report their 



motivation to start running again after having had an injury and 
this information was then dichotomized into: 1) Less motivated or 
not at all motivated or 2) motivated or very motivated. If a 

participant completely recovered from injury and sustained an 
additional running-related injur)' afterwards, the participant had 
to attc-nd a clinical examination again. The possibility of clinical 
examinations was stopped after the participants had been included 
in the DANO-RUN study for 1-year. The follow-up on injured 
participants were stopped February 2013, eighteen months after 
the first participants were enrolled at a baseline investigation and 7 
months after the last participants completed follow-up. 

Descriptive data were presented as counts and percentage 
dichotomous or categorical data. Data on time to recovery were 
presented as medians and the range between minimum and 
maximum because data on injury were considered non-parametric 
evaluated by histograms and quartUe-quartUe plots. Contra wise, 
data on the log scale was normally distributed. Therefore, the 
student's ^-test was used to test if time to recovery (days) was 
different between those motivated to take up running again after 
having had an injury compared with those being less motivated. 
The Wilcoxon rank sum test was used to test if the time to recovery 
was different across gender and across age (dichotomized into less 
than or above 40 years because masters runners typically are 
defined as persons above 40 and face subtie differences in injury 
rate and location[10]) because the data were not normally 
distributed on original scale or on the log scale. All analyses were 
performed using STATA/SE version 12.1. A result was consid- 
ered significant at p<0.05. 

Results 

A total of 254 of the 933 novice runners included in the DANO- 
RUN study sustained at least one running-related injury during 
follow-up. Of these, 25% of the injuries occurred within the first 
37 kilometers of running, 50% within the first 1 19 kilometers and 
75% within the first 201 kilometers. Additionally, the median 
number of running sessions to injury- occurrence was 36 with an 
inter-quartile range from 15 to 56. Three of the injured 
participants ran an average distance above 16 kilometers over 
the 1 -year follow-up (kilometer prior to injury and after recovery 
all together) and 18 had an average distance above 10 kilometers. 

The proportions of runners sustaining different types of injuries 
are presented in Table 1. A total of 220 (86.6%) participants 
completely recovered from their running-related injury. A 
majority of these took up running again, but 36 (16.4%) sustained 
an additional running-related injury of which 13 (36%) were 
diagnosed with the same injury as they had the first time. A flow- 
chart is presented in Figure 1. 

A majority of the injuries occurred in the lower leg (n = 94; 
37%), knee (n = 82; 32.3%) and ankle/foot (n = 36; 14.2%), 
followed by the hip (n = 27; 10.6%). Only a minority of injuries 
occurred in the upper leg (n = 8; 3.2%) and lower back (n = 3; 
1.2%). Finally, four injuries (1.5%) occurred in other anatomical 
locations than the above. 

In Table 2, data on time to recovery in days from injury 
occurrence to complete recovery is presented. Additionally, the 
counts and percentages of the injured using medication and 
receiving conservative treatment are presented. At the last follow- 
up in February 2013, 36 (3.8'!^)) of the 933 participants originally 
included in the DANO-RUN study still reported symptoms during 
activities of daily living as a consequence of their running-related 
injury. Of these, 20 had been injured for more than 1 year and 7 
for more than 1 Vi years. No difference in time to recovery 
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Table 1. Descriptive data on the types of running-related injuries. 



Injury type A" '"juries (n = 254) 





Count 


Gender (Males) 


Age (Above 40) 


Bilateral Injuries 


Non-recovered injuries 




n (%) 


n (p) 


n (p) 




n (%) 


Medial Tibial Stress Syndrome 


38 (15) 


18 (0.87) 


8 (<0.01)* 


29 


1 (2.6) 


Patellofemoral Pain 


26 (10) 


11 (0.56) 


8 (0.08) 


7 


4 (15) 


Meniscal injury (Medial) 


23 (9) 


10 (0.68) 


7 (0.09) 


0 


6 (26) 


Achilles tendinopathy 


18 (7) 


9 (1.00) 


4 (0.03)* 


4 


2 (11) 


Plantar fasciitis 


12 (5) 


6 (1.00) 


6 (1.00) 


1 


3 (25) 


Soleus injury 


12 (5) 


6 (1.00) 


5 (0.77) 


1 


0 (0) 


Ilio-Tibial Band Syndrome 


11 (4) 


1 (0.01)* 


2 (0.07) 


1 


0 (0) 


Patella tendinopathy 


11 (4) 


3 (0.23) 


7 (0.55) 


1 


1 (9) 


Gastrocnemius injury 


9 (3) 


3 


2 


0 


0 (0) 


Gluteus Medius injury 


8 (3) 


3 


5 


0 


3 (37.5) 


Hamstring 


8 (3) 


4 


2 


0 


2 (25) 


Ankle inversion 


7 (3) 


3 


2 


0 


2 (29) 


Compartment (lower leg) 


6 (2) 


2 


3 


4 


1 (17) 


Iliopsoas injury 


5 (2) 


1 


2 


2 


0 (0) 


Hip trochanteric bursitis 


4 (1) 


1 


0 


1 


1 (25) 


Hip adductor tendinopathy 


4 (1) 


3 


3 


0 


0 (0) 


Peroneal tendinopathy 


4 (1) 


1 


2 


0 


0 (0) 


Fracture tibia 


3 (1) 


0 


1 


1 


0 (0) 


Fracture 5**^ metatarsal bone 


3 (1) 


0 


2 


0 


0 (0) 


Osteoarthritis knee 


3 (1) 


2 


0 


1 


3 (100) 


Pes ancerinus tendinopathy 




g 


J. 


U 


n lew 


Tensor fascia latae tendinopathy 


3 (1) 


1 


0 


1 


1 (33) 


Spinal injuries 


2 (<1) 


1 


2 


0 


0(0) 


Fracture navicular 


2 (<1) 


1 


0 


1 


0(0) 


Fracture calcaneus 


2 (<1) 


2 


1 


0 


1 (50) 


Fracture fibula 


2 (<1) 


2 


0 


0 


0(0) 


Unknown 


4(1) 


2 


0 


0 


0(0) 


Other 


21 (8) 


8 (0.38) 


3 (<0.01)» 


8 


3 (14) 


Total 


254 






63 


34 (13.4) 



Legend: Injuries presented in descending order with the most frequent presented first, p = p-value. In males, the count of males of the total count are presented and the 
p-value (p) from the test (exact binomial probability test) that the proportion of males is equal to 50%. statistically significant from 50%. In case the assumptions 
behind the exact test are violated (count <10), the p-values are not presented. Similarly, the proportion of individuals with an age above 40 and the test for a proportion 
equal to 50% is presented. In addition, the number of bilateral injuries and the number and percentage of injuries not recovering is presented. 
doi:l 0.1 371 /Journal.pone.0099877.t001 



between males and females (p-value = 0.98) or age dichotomized 
based on below and above 40 years (p-value = 0.69) existed. 

Among those recovered from their injury, ten runners missed 
days from work because of their injury (range 1 day to 14 days). 
The diagnoses which caused missed days at work were mainly 
medial meniscal injury (n = 3) and stress fractures (n = 3), but also 
ankle inversion injury (n=l), anterior compartment (n=l), 
Achilles tendinopathy (n=l) and gastrocnemius injury (n=l). 
Among 203 participants reporting information about their 
motivation to start running after full recovery, 22 participants 
were less motivated or not at all motivated to start running again. 
These participants had an almost significandy longer time to 
recovery (log transformed) of 0.36 days (95% CI: -0.02; 0.74), 
p = 0.06 than those motivated to start running after having had an 
injury. 



Discussion 

Medial tibial stress syndrome was the most common injury 
among novice runners followed by patellofemoral pain and injury 
in the medial meniscus. Depending on injury type, injured novice 
runners should expect a median time to recovery of approximately 
10 weeks. Of the 933 healthy novice runners originally included in 
the DANO-RUN study, 4% remained injured (mainly: meniscal 
injury n = 6; patellofemoral pain n = 3; plantar fasciitis n = 3) at the 
end of foUow-up and had to permanently stop running because of 
their injury. 

To our knowledge, the present study is the first to provide 
insight into the time to recovery for all types of running-related 
injuries. Based on the results presented in Table 2, considerable 
variation in time to recovery existed across the different types of 
injuries. Soleus injuries and gastrocnemius injuries had a median 



PLOS ONE I www.plosone.org 



3 



June 2014 | Volume 9 | Issue 6 | e99877 



Running-Related Injuries in Novice Runners 



933 novice runners included in the DANO-RUN study 



254 sustained a 
running-related injury 



679 remained 
injury free 



220 recovered from their 
first injury 

Median time to recovery 
74 days 



34 remained injured at the 
end of follow-up 



184 remained non-injured 
after recovering from their 
first injury 



36 sustained an additional 

injury after complete 
recovery from their first 
injury 

2 of these remained injured 
at the end of follow-up 



Figure 1. Flow-chart of the 254 injured participants. 

doi:l 0.1 371 /journal.pone.0099877.g001 

time to recovery of 30-40 days, while the recovery was 159 days 
for plantar fasciitis and 174 days for trochanteric bursitis. Even 
though the inter-quartile ranges were substantial within diagnosis, 
clinicians may use the results on time to recovery as prognostic 
indicator when dealing with injured novice runners. Importantly, 
other factors than diagnosis should also be included as prognostic 
indicators like differences in biology, anatomy and training prior to 
injury. One study has investigated time to recover^' in a 
prospective setup. Moen et al [1 1] investigated time to recover)- 
in fifteen male subjects from the Dutch army who had medial 
tibial stress syndrome. The mean time to recovery was 58 days 
(Standard deviation = 27 days). This is slightly lower than the time 
to recovery (median =72 days) among the novice runners 
sustaining medial tibial stress syndrome in the present study. 
The reason for this discrepancy remains unknown, but it may be 
related to differences in the two populations or differences in the 
definition of the time to recovery. 

The 254 injured runners described in the present paper were a 
sub-sample of the 933 volunteers included in the DANO-RUN 
study [5]. Of the 933 runners taking up running, the present study 
revealed a proportion of runners remaining injured at the end of 
follow-up of 4%. These persons had to stop running permanentiy 
because of their injury and many of them had symptoms during 
activities of daily living. This finding underlines the importance of 
preventing running-related injuries in order to enable individuals 
to maintain an active lifestyle. This is supported by the findings by 



Koplan et al. [12]: they followed a cohort of runners over a 10- 
year period and found injury to be the major reason among males 
and the third most common reason among females for perma- 
nently stop running. 

A major strength in the present study is the prospective 
approach used to gather information about the runners and their 
injuries. Previously, retrospective studies have been conducted[13- 
15]. Wen suggested, however, that the information provided by 
participants included in retrospective studies may be affected by 
recall bias [16]. Such bias is not present in a prospective design. 

An additional strength was the use of an early clinical 
examination to diagnose each injury. In many studies, participants 
report their injury by mail or telephone without attending an 
examination[3,17,18]. By doing so, the possibility to identify the 
diagnoses sustained by each injured participant becomes limited. 
Since the clinical examination was made as soon as possible after 
injury occurrence, we believe the date of injury occurrence was 
determined as precisely as possible. In addition, a prospective 
approach was used to contact each of the injured participants 
every second or third week during their rehabilitation. This limits 
the recall bias problems, which may occur in retrospective studies. 

At least three major limitations in the present paper must be 
considered: the purpose of the study, the possibility for information 
bias based on a clinical examination to diagnose a running-related 
injury and the injury definition. 
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Table 2. Descriptive data on the time to recovery. 





Injury type 


Descriptive data on the recovered injuries (n = 


220) 






Time to recovery in days 


Used medication 


Received conservative treatment 


Treated surgically 




Median (m in/max) 


n (%) 


n (%) 


n (%) 


Medial Tibial Stress Syndrome 


72 (16/582) 


2 (5) 


3 (8) 


0 (0) 


Patellofemoral Pain 


77 (28/399) 


4 (15) 


2 (8) 


1 (4) 


Meniscal injury (Medial) 


87 (16/362) 


8 (35) 


5 (22) 


7 (30) 


Achilles tendinopathy 


82 (21/479) 


2 (11) 


1 (5.5) 


0 (0) 


Plantar fasciitis 


159 (51/308) 


0 (0) 


2 (17) 


1 (8) 


Soleus injury 


31 (15/115) 


2 (17) 


1 (8) 


0 (0) 


Ilio-Tibial Band Syndrome 


88 (22/398) 


2 (18) 


1 (9) 


0 (0) 


Patella tendinopathy 


75 (15/444) 


1 (9) 


0 (0) 


0 (0) 


Gastrocnemius injury 


40 (9/235) 


1 (11) 


0 (0) 


0 (0) 


Gluteus Medius injury 


124 (45/317) 


1 (12.5) 


0 (0) 


0 (0) 


Hamstring 


58 (12/312) 


1 (12.5) 


1 (12.5) 


0 (0) 


Ankle inversion 


53 (28/128) 


2 (28.5) 


0 (0) 


0 (0) 


Compartment (lower leg) 


113 (64/572) 


1 (17) 


1 (17) 


1 (17) 


Iliopsoas injury 


71 (62/368) 


1 (20) 


0 (0) 


0 (0) 


Hip trochanteric bursitis 


174 (107/235) 


0 (0) 


1 (25) 


0 (0) 


Hip adductor tendinopathy 


101 (14/228) 


2 (50) 


3 (75) 


0 (0) 


Peroneal tendinopathy 


86 (20/161) 


3 (75) 


0 (0) 


0 (0) 


Fracture tibia 


145 (19/369) 


0 (0) 


0 (0) 


0 (0) 


Fracture 5**^ metatarsal bone 


65 (50/268) 


0 (0) 


0 (0) 


0 (0) 


Osteoarthritis knee 


n/a 


0 (0) 


0 (0) 


0 (0) 


Pes ancerinus tendinopathy 




1 (33) 


0 (0) 


0 (0) 


Tensor fascia latae tendinopathy 


26 (22/31) 


1 (33) 


0(0) 


0 (0) 


Spinal injuries 


99 


2 (100) 


0 (0) 


0(0) 


Fracture navicular 


67 


0 (0) 


1 (50) 


0 (0) 


Fracture calcaneus 


66 


0 (0) 


1 (50) 


0 (0) 


Fracture fibula 


76 


1 (50) 


1 (50) 


0 (0) 


Unknown 


104 (16/173) 


1 (25) 


0(0) 


0(0) 


Other 


56 (14/214) 


7 (33) 


3 (14) 


2 (10) 


Total 


71 (9/582) 


46 (18.2) 


27 (10.7) 


12 (4.7) 



Legend: time to recovery was measured in days from injury occurrence to complete recovery. In addition, the counts and percentage of the participants using medication, 
receiving conservative treatment and who were treated surgically are presented, n/a = data not available. Min = minimum. Max = maximum. In time to recovery, no data 
is presented for minimum and maximum values if the total numbers of injuries are below 3. 
doi:l 0.1 371 /journal.pone.0099877.t002 



The purpose of the present paper was difTerent than the original 
purpose of the DANO-RUN study. The study originally aimed at 
investigating if the time to injury occurrence varies among runners 
with different foot postures and progressions in training distance. 
Additionally, the role of demographic characteristics and behav- 
iour on injury development has been investigated based on the 
same dataset. Results from these analyses have been presented 
elsewhere [6,7,19] and more papers are submitted for publication. 
Based on this, the results presented in the present paper should be 
considered as a sub-analysis without focus on injury aetiology. 
Based on this, the results from the present paper must be 
interpreted with caution. StiU, we believe the results may be of 
interest for clinicians and researchers working with novice runners, 
injury epidemiology, time to recovery and the consequences of 
running-related injuries. 

Another weakness may be the approach used to diagnose 
injuries. In the present study, most injuries were diagnosed based 



on the patient history and by performing a physical examination 
without the use of diagnostic imaging. Previously, Khan et al. [20] 
stated that listening to the patient and performing a thorough 
physical examination remains the mainstays of clinical diagnosis 
and treatment. A standardized examination procedure was used in 
each of the following anatomical locations: foot/ ankle, lower leg, 
knee, thigh, hip and back. Furthermore, guidelines for diagnostic 
criteria were used to classify the injuries into specific diagnoses/ 
types of injuries. In the guideline, the decision to diagnose an 
injury was partly based on a list of positive and negative findings, 
which was used to make a diagnosis (Material SI). Unfortunately, 
it was not always possible to foUow these positive and negative 
findings strictly to make a diagnosis because the clinical decision 
making is complex and challenging. In addition, the diagnoses 
were not confirmed by diagnostic imaging in most cases [21]. As 
an example, the proportion of stress fractures in tibia was low in 
the current study compared to the findings by Taunton et al [2]. 
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Since radiological imaging is recommended for diagnostics of 
stxess fractures in the lower limb [22], some individuals with 
medial tibial stress syndrome may have been diagnosed with stress 
fracture in the tibia if the clinical examination had been assisted by 
diagnostic imaging. 

The injuries occurring in the present study was defined as any 
musculoskeletal complaint of the lower extremity or back caused 
by running. It can be argued, that some of the injuries included 
were not directly caused by running. For instance, knee 
osteoarthritis and injury in the medical meniscus may be caused 
by other factors and running leads the injuries/conditions to 
become symptomatic. Since all participants in the study reported 
themselves as healthy at baseline, such injuries can only be 
excluded at baseline by performing a diagnostic imaging of all 
subjects prior to inclusion. This procedure was not used in the 
present study because of financial reasons. 

In addition to the weaknesses presented, it must be stressed that 
the participants included in the present study had to run in a 
neutral running shoe. It, therefore, remains unclear if the types of 
running-related injury are different among novice runners using 
other types of conventional shoes or minimalist shoes. 

Conclusions 

In the present study, medial tibial stress syndrome was the most 
common injury diagnosed in 38 of 254 injured beginners (15%). In 
a review by Lopes et al [1] including studies on all types of 
runners, the medial tibial stress syndrome was also the most 
common injury with an injury incidence of 13.6% to 20.0%. Based 
on this, it may be relevant to specifically focus on prevention and 
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